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ISOTROPIC SENSOR FOR MAGNETIC AND
ELECTRIC FIELDS

The present invention relates to an isotropic sensor for
measuring simultaneously and with enormous precision the
electric and magnetic field in places where the characteristics
of these fields are unknown.

BACKGROUND OF THE INVENTION

There are different solutions for the implementation of
electric and magnetic field sensors at frequencies below justa
few kilohertz. These sensors cover ELF, SLF and ULF bands
which range from 3 Hz to 3 kHz and which we will refer to
hereinafter as low frequencies (LF). The electric field (E)
sensors are based on capacitive elements such as for example
parallel and flat plate capacitors. The magnetic field (B) sen-
sors are based on windings wherein the field B induces a
current by virtue of Faraday’s Law. In order to make this
winding immune to E field, the winding is shielded by means
of'a metal screen. This screen tends to have an opening or gap
whose function is to prevent the circulation of currents
induced by the B field in the screen.

There are some probe designs which provide for measure-
ment of LF E and B fields simultaneously. These sensors
consist ofa coil with two diametrically opposite gaps wherein
balancing elements (baluns) are disposed to transfer the volt-
ages measures in the two gaps to a circuit for adding and
subtracting currents whose output signals are proportional to
the E and B fields.

The drawback of this design, in addition to the added
complexity entailed by the baluns and the signal addition and
subtraction circuit, is that its response to the B field is only
noticeable at frequencies far above the LF range. This is due
to the fact that the sensor consists of a single coil.

Finally, there are solutions for measuring the LF E and B
fields which propose increasing the sensitivity to the B field
by means of a winding with several turns shielded using a
screen with two gaps.

Specifically, these are isotropic sensors of magnetic B and
electric E fields, which comprise three sensor units, each
sensor unit comprising a winding of lead wire surrounded by
a conducting screen, the screen being interrupted in two first
diametrically opposite zones in such a way that two indepen-
dent screen segments are defined, there being in one of said
zones the terminals for measuring the currents induced by the
magnetic field in the lead wire winding and in the other zone
the terminals for measuring the voltage induced in the screen
by the electric field.

This shielding acts as an E field sensor in a similar way to
that of the coil with two gaps described in the preceding
paragraph. A sensor like this one, considered to be the closest
state of the art, is shown in FIG. 1.

However, these designs do not permit simultaneous mea-
surement of E and B as they make use of moving or mechani-
cal parts (switches) which must be actuated by the sensor’s
operator. They also present the drawback of the electric sen-
sor’s immunity to B fields being very limited in field ampli-
tude and frequency. This is due to the fact that in these sensors
the B field induces a current which travels across the perim-
eter ofthe shield. This in turn produces a displacement current
in the gap where it is intended to measure E, which gives rise
to a voltage drop associated to the B field and not E.

DESCRIPTION OF THE INVENTION

In order to overcome the aforementioned shortcomings,
the present invention proposes an isotropic magnetic and
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electric field sensor, which comprises three sensor units, each
sensor unit comprising a lead wire winding surrounded by a
conducting screen, the screen being interrupted in two first
diametrically opposite zones, in such a way that two indepen-
dent screen segments are defined, there being in one of said
zones the terminals for measuring the currents induced by the
magnetic field in the lead wire winding and in the other zones
the terminals for measuring the voltage induced in the screen
by the electric field, which is characterised in that the two
ends of each screen segment in the two first zones are con-
nected two by two by means of conductors and comprises two
second zones of interruption disposed in a halfway point of
each screen segment, in such a way that it is possible to
measure simultaneously, independently and with precision,
both the magnetic field on the basis of the measurement in the
terminals of the winding, and the electric field on the basis of
the difference in potential between the two screen segments.

The sensor of the invention allows for the simultaneous and
independent measurement of variable E and B fields without
using switches or moving parts. It also dispenses with the use
of electronics required for adding and subtracting signals. It
also helps to overcome the drawback presented by sensors
wherein the shielding acts as an electric sensor.

As described in the background, this drawback consists of
the immunity of the electric sensor to B fields being very
limited in field amplitude and frequency, due to the fact thatin
the gap where E is intended to be measured, there is a voltage
drop associated to the B field, and not to the E field. In the
proposed design, this voltage drop is minimised thanks to the
particular geometry ofthe shielding, which offers the currents
induced by the B field a path of lower impedance (horizontal
elements of the shielding) as an alternative to the gap where E
is measured. Thus an electric sensor with high immunity to
the B field is obtained.

According to a first alternative, the winding is rectangular
or square, the first interruption zones and the second interrup-
tion zones being disposed in the middles of the sides.

According to another alternative, the winding is circular,
the first interruption zones and the second interruption zones
being disposed separated at 90° to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

For abetter understanding of that which has been described
a set of drawings is attached wherein, schematically and
merely by way of a non-limiting example, a practical case of
embodiment is embodiment.

FIG. 1 is an outline of one of the sensor units of an isotropic
sensor of the state of the art.

FIG. 2 is an outline of one of the sensor units of an isotropic
sensor according to the invention.

FIG. 3 is an elevation view of a prototype of a sensor unit,
wherein the short-circuits between the ends of the conducting
screen segments can be observed.

FIG. 4 is a perspective view of an isotropic sensor, wherein
the relative arrangement of the three sensor units can be
observed.

DESCRIPTION OF A PREFERRED
EMBODIMENT

FIG. 1 shows an outline of a sensor according to the state of
the art. It also shows by means of arrows the direction of the
current induced by a magnetic field in the electric sensor. A
conduction current travels the screen and resistance R and the
circuit closes with a displacement current which travels the
gap situated to the right of the screen. At low frequencies (10
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Hz), the gap behaves like an opening which prevents the
existence of current. However, athigh frequencies (3 kHz) the
capacitive impedance of the gap diminishes in such a way that
it allows an observable displacement current to exist. This
current, on crossing resistance R, provokes a voltage drop V5
which can falsify the voltage measurement V associated to
the electric sensor.

So as to respond to this drawback, the invention proposes,
as illustrated in FIG. 4, an isotropic sensor 1 of magnetic field
B and electric field E, which comprises three sensor units 2,
each sensor unit 2 comprising a lead wire winding 3 sur-
rounded by a conducting screen 4, the screen 4 being inter-
rupted in two first zones I1, 12 diametrically opposite, in such
a way that two independent screen segments 41, 42 are
defined, there being in one of said zones I1, 12 the terminals
V5 for measuring the currents induced by the magnetic field B
in the lead wire winding 3 and in the other zone 11 or 12 the
terminals V for measuring the voltage induced in the screen
4 by the electric field.

The two ends of each screen segment 41, 42 in the two first
zones 11, 12 are connected two by two by means of conductors
5, 6 and comprises two second zones 13, 14 of interruption
disposed at a halfway point of each one of the screen seg-
ments 41, 42, in such a way that it is possible to measure at
high frequencies, simultaneously, independently and with
precision, both the magnetic field B on the basis of the mea-
surement of V; in the terminals of the winding, and the
electric field E on the basis of the measurement of the differ-
ence in potential V; between the two screen segments 41, 42.
According to the preferred illustrated embodiment, the wind-
ing is circular, the first zones 11, 12 of interruption and the
second zones 13, 14 of interruption being disposed separated
at 90° to each other.

The sensor of the invention cancels the voltage drop V in
conditions of the presence of B field only (lack of E field). The
objective is to offer to the current induced by the magnetic
field in the shielding, a path of much lower impedance which
does not pass through resistance R. In this way, the immunity
of the electric sensor to a magnetic field is drastically
increased. The modification is based on short-circuiting the
two ends of the resistance R by means of two conductor wires
which connect to each other the two original gaps of the
sensor. In this way, there is practically no current associated to
the magnetic field travelling through the resistance R, mean-
ing that the voltage drop V5 is nil in conditions of the absence
of E field.

So that the winding which measures the magnetic field is
adequately protected, it is necessary to make two new gaps I3
and 14 (situated at the top and bottom in FIG. 2), in such a way
that the capacitive impedance of these new gaps reduces the
current which might travel the shielding, which is necessary
so that the winding is sensitive solely to the magnetic field
intended to be measured and not to that originated by a sig-
nificant current which might travel through the shielding.

10

15

20

25

30

35

40

45

50

4

From the point of view of the response of the electric
sensor, the introduction of the pair of wires translates into the
appearance of a weak capacity in parallel which is added to
that of the shielding, which would increase the voltage V.
although in a negligible manner. In relation to the two new
gaps, their effect is to reduce the capacity of the shielding by
half, which can be compensated by doubling the value of the
resistance R. This continues to be acceptable as the new
resistance continues to be much lower than the capacitive
impedance of the shielding.

Although reference has been made to a specific embodi-
ment of the invention, it is evident to a person skilled in the art
that the isotropic sensor described is susceptible to numerous
variations and modifications, and that all the mentioned
details can be substituted for others which are technically
equivalent, without falling outside of the scope of protection
defined by the attached claims.

The invention claimed is:

1. An isotropic sensor of magnetic field and electric field,
which comprises three sensor units, each sensor unit com-
prising:

alead wire winding surrounded by a conducting screen, the

conducting screen being interrupted in two first zones
diametrically opposite, in such a way that two indepen-
dent screen segments are defined, and with each screen
segment comprising two ends;

first terminals for measuring the currents induced by the

magnetic field in the lead wire winding, the first termi-

nals being provided in one of said two first zones;

second terminals for measuring the voltage induced in the

screen by the electric field, the second terminals being

provided in the other one of said two first zones;
wherein the two ends of each screen segment in the two first
zones are connected two by two by means of conductors; and
wherein the conducting screen comprises two second zones
of interruption disposed at a halfway point of each one of the
screen segments in such a way that it is possible to measure at
high frequencies simultaneously, independently and with
precision, both the magnetic field on the basis of the measure-
ment of the first terminals of the winding, and the electric field
on the basis of the measurement of the difference in potential
between the two screen segments.

2. The sensor according to claim 1, wherein the lead wire
winding has a rectangular or square shape, and wherein the
first zones of interruption and the second zones of interrup-
tion are arranged approximately at the midpoint ofthe sides of
said rectangular or square shape.

3. The sensor according to claim 1, wherein the winding is
circular in shape, and wherein the first zones of interruption
and the second zones of interruption are arranged separated at
approximately 90° to each other.
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